ABSTRACT Background: Front-of-pack labeling systems may provide additional guidance to that already available to facilitate the identification of foods that improve diet quality. Objective: We examined the association between choosing foods that meet criteria of an established front-of-pack labeling system with food-group and nutrient intakes and cardiometabolic risk factors. Design: The association between the consumption of foods that met 2014 American Heart Association (AHA) Heart-Check Food Certification Program criteria and 2005 Healthy Eating Index (HEI-2005) scores, food-group intake, energy intake, nutrient intake, and cardiometabolic risk factors was analyzed in 11,296 men and women $19 y old by using 1-d dietary recall data from the NHANES 2007-2010. Individuals were categorized into consumers and nonconsumers of AHA Heart-Check Food Certification Programcertifiable foods and quartiles of intakes on the basis of the percentage of calories. Results: The consumption of AHA Heart-Check Food Certification Program-certifiable foods was positively associated with HEI-2005 scores and fruit, vegetable, whole-grain, total sugar, fiber, potassium, calcium, and vitamin D intakes and inversely associated with the percentage of energy from saturated fat, monounsaturated fat, added sugars, alcohol, and intakes of cholesterol and sodium. The highest quartile of daily energy intake from AHA Heart-Check Food Certification Program-certifiable foods was associated with lower risk of obesity (26%), lower risk of elevated waist circumference (29%), and lower risk of metabolic syndrome (24%) than with lowest intakes (all P , 0.05). Conclusion: The choice of foods meeting one front-of-pack labeling system positively influences food-group and nutrient intakes and is associated with a higher diet quality and lower risk of cardiometabolic syndrome.
INTRODUCTION
Public health recommendations continue to provide guidance on healthful dietary patterns that are conducive to optimal health outcomes and minimize chronic disease risk (1) ; however, the majority of Americans do not adhere to these recommendations (2) . For example, in individuals $2 y old, 80%, 89%, 99%, and 85% of the population had intakes below recommendations for total fruit, total vegetables, whole grains, and milk and milk products, respectively (2) . Similar findings were identified by using data from the 2003-2004 NHANES (3) . Cumulatively, these data suggest that many Americans have a less-than-ideal overall diet quality (3, 4) that is not adequate to meet nutrient recommendations (5) . In addition, many individuals currently struggle to achieve and maintain a healthy body weight (1, 6, 7) .
Nutrient profiling (ie, the ranking of foods on the basis of their individual nutritional composition) has become common practice within the US food industry as a means to highlight better food choices (8) (9) (10) . Although many nutrient-profiling systems exist and many are being used for front-of-pack (FOP) 4 labeling, only a few systems have been validated (10) . Criteria for acceptable nutrient-profiling systems have been proposed (9) and include the following 1) objective on the basis of accepted nutrition science and labeling practices; 2) simple on the basis of daily values and acceptable amounts of food; 3) balanced, which includes nutrients to encourage and nutrients to limit; 4) validated against measures of a healthful diet and health outcomes; 5) transparent on the basis of published algorithms and open-source data; and 6) consumer driven that is likely to guide consumers to better food choices and more-healthful diets. An Institute of Medicine (IOM) committee evaluated FOP issues and also recommended that FOP symbols should be designed to encourage consumers to make healthier food choices and positively affect purchase behavior (10) .
The American Heart Association (AHA) developed the HeartCheck Food Certification Program (HCP) for use on food packages as an FOP symbol to guide consumers to make heart-healthy food choices. Similar programs have been developed by the Heart and Stroke Foundation of Canada and the Heart Foundation of Australia, among others. The AHA HCP is designed to help Americans identify heart-healthy food choices on the basis of saturated fat, trans fat, cholesterol, total fat, whole-grain, sugar, sodium, omega-3 fatty acid, and dietary fiber contents. The AHA-HCP nutritional guidelines are category specific and, at minimum, comply with Food and Drug Administration/USDA food-labeling regulations for making coronary heart disease health claims. Beginning January 2014, more stringent criteria will be incorporated into the AHA HCP for category-specific sodium, added-sugar limits, and calorie limits and minimum dietary fiber requirements (11) , which are consistent with current dietary recommendations issued by several health organizations (1, 12, 13) .
The goal of this article was to evaluate the association between the consumption of foods eligible for the 2014 AHA HCP with overall diet quality, food-group and nutrient intakes, and cardiometabolic risk factors in a nationally representative population sample of Americans. The hypothesis tested was that there would be a positive association between the consumption of a higher proportion of AHA-HCP foods and diet quality and dietary pattern and an inverse association with cardiometabolic risk factors.
SUBJECTS AND METHODS

Study population
The study population consisted of 11,296 adults aged $19 y who completed a 24-h dietary recall in What We Eat in America, which is the dietary interview component of the NHANES 2007-2010 (14, 15) . Analyses included only individuals with complete and reliable dietary records as determined by National Center for Health Statistics staff. Women who were pregnant or lactating were excluded from the study. Analyses were further divided into men (n = 5622) and women (n = 5674). All foods in What We Eat in America were evaluated against the 2014 AHA HCP as presented on the AHA website (11) and classified as either eligible or not eligible for certification in the AHA HCP; the trans-fat content was not available, but the whole-grain content was available from the USDA (16) . Consumers (n = 8457) and nonconsumers (n = 2839) of AHA-HCP-certifiable foods were determined based on the first dietary recall, and consumers of AHA-HCP-certifiable foods were further subdivided by quartiles on the basis of the percentage of energy intake of AHA-HCP-certifiable foods [,3 .4% (n = 1959), $3.4% to #8.0% (n = 2064), .8.0% to #15.5% (n = 2134), and .15.5% (n = 2300) for sex combined and men and women separately.
Food-group intake, nutrient intake, and diet quality For all data sets, the equivalent content per 100 g was multiplied by the gram weight of food consumed divided by 100. Groups of equivalent foods were aggregated over the entire day to calculate the food-group equivalent intake per day. Nutrient intakes from food and beverages were determined by summing across intakes reported in the first 24-h recall and excluded nutrient intakes contributed by dietary supplements and medications or obtained from sunlight. The development of the 2005 Healthy Eating Index (HEI-2005) by the USDA Center for Nutrition Policy and Promotion, a measure of diet quality, has been described in a technical report (17) . The whole fruit food-composition data and coding used to calculate HEI-2005 scores were downloaded from the Center for Nutrition Policy and Promotion (18) .
Factors associated with cardiometabolic risk
Weight, BMI, waist circumference, blood pressure (diastolic and systolic), fasting triglycerides, total cholesterol, fasting LDL cholesterol, HDL-cholesterol, apolipoprotein B, C-reactive protein, fasting insulin, and fasting blood glucose were obtained from respective examination (19, 20) or laboratory (21, 22) 
Statistical analysis
Analyses were carried out with SUDAAN release 10.0 software (Research Triangle Institute) for sexes combined and separately for men and women. Appropriate weighting factors were used to adjust for the oversampling of selected groups, a survey nonresponse of some individuals, and the day of the week when the interview was conducted (24) . Least-square means (6SEs) of energy, nutrient intakes, food-group intakes, HEI-2005 scores, and cardiometabolic variables were determined by using the PROC REGRESS procedure of the SUDAAN program after adjustment for various covariates. All intake variables were adjusted for sex (combined sexes only), ethnicity, age, physical activity (categorized as sedentary, moderate, or vigorous on the basis of responses to questions on activity), poverty income ratio, smoking habits (yes or no), and energy intake (not included for energy intake). Body weight, BMI, and waist circumference were adjusted for the same covariates but without energy intake. Other cardiometabolic variables were also adjusted for BMI. The OR of cardiometabolic risk factors was determined by using the PROC LOGISTIC procedure of the SUDAAN program adjusted for the same covariates previously mentioned. Subjects with missing data for a variable of interest were eliminated from that particular analysis. A P-trend was assessed across the consumption of the percentage of calories from foods that met AHA-HCP criteria by using nonconsumers and quartiles of intake. Significance was set at P , 0.05.
RESULTS
Participants who consumed AHA-HCP-certifiable foods were more likely to be older, be female, have lower body weight, have a higher income, be a nonsmoker, and have attended college (Table 1) . There was a strong positive P-trend (P , 0.0001) for diet quality, which was measured as the HEI-2005 score, as the percentage of calories from AHA-HCP foods increased ( Table  2 ). The higher HEI-2005 score was relatively large at w40% for highest consumers of AHA-HCP foods compared with nonconsumers; higher HEI-2005 scores were observed in both women and men. The analysis of whole-grain, total fruit, and total vegetable intakes show similar highly significant trends. Consumers of AHA-HCP foods also reported eating significantly fewer empty calories as defined by calories from solid fats, alcohol, and added sugars. This difference was equivalent to w200 cal/d. Less consistent associations (select sex-group relations) were shown between consumers of AHA-HCP-certifiable foods and intakes of total grain, total dairy, total meat, poultry and fish, or fish high in omega-3 fatty acids. There was a strong inverse P-trend (P , 0.0001) for energy intake as the percentage of calories coming from AHA-HCP food increased, a difference also observed when women and men were assessed separately ( Table 3) . Intakes of total fat, saturated fat, monounsaturated fat, dietary cholesterol, sodium, and added sugars were inversely related to a higher percentage of calories from AHA-HCP-certifiable foods. Subjects in the highest 2 quartiles of the percentage of calories from AHA-HCP-certifiable foods had percentages of energy from saturated fat that were consistent with the current 2010 Dietary Guidelines for Americans recommendation of ,10% of calories. The difference in sodium intake/1000 kcal was w135 mg between nonconsumers and subjects in the highest quartile of consumption (28.5%). There was a positive P-trend as the percentage of calories of AHA-HCP foods increased for carbohydrate, dietary fiber, total sugars, potassium, calcium, and vitamin D (Table 3) as well as higher intakes of vitamins A and C, folate, and iron (see Supplemental Table 1 under "Supplemental data" in the online issue).
There was a strong inverse P-trend (P , 0.0001) for BMI, waist circumference, and diastolic blood pressure as the percentage of calories of AHA-HCP foods increased, which was a difference that was also observed when women and men were assessed separately ( Table 4 ). An inverse P-trend was also shown for total and LDL-cholesterol concentrations (statistical significance for the total population and men only), metabolic syndrome, and insulin concentrations (statistical significance for the total population and women only) as the energy intake from foods that met AHA-HCP criteria increased. However, the P-trend for the consumption of foods that met AHA-HCP criteria and systolic blood pressure, HDL cholesterol, triglycerides, C-reactive protein, and fasting glucose concentrations was not significant.
The OR for the prevalence of obesity was significantly lower in the highest quartile of intake of AHA-HCP-certifiable foods than for nonconsumers [OR: 0.74; 95% CI: 0.59, 0.93) ( Figure 1A) . Similarly, the OR for an elevated waist circumference ( Figure  1B ) and rate of metabolic syndrome ( Figure 1C ) was significantly lower in the highest quartile of intake of AHA-HCPcertifiable foods than for nonconsumers [ORs: 0.71 (95% CI: 0.55, 0.92) and 0.76 (95% CI: 0.60, 0.98), respectively]. No significant associations were shown between other factors associated with cardiometabolic risk (rates of overweight, high blood pressure, high fasting triglycerides, blood glucose, LDL-cholesterol concentrations, and low HDL-cholesterol concentrations) and the quantity of AHA-HCP-certifiable foods consumed.
DISCUSSION
The improvement of diet quality is thought to be a key factor in the lowering of chronic disease risk, particularly of cardiometabolic disease. The provision to consumers of nutritional guidance in the form of a nutrient-profiling tool at the point of purchase may positively affect food choices that can ultimately lead to better nutrition and health outcomes. The IOM report on FOP labeling (10) highlighted the need for a universal nutrientprofiling system that is aligned with current dietary guidance and can be used consistently on all food labels to encourage consumers to make healthier food choices. A myriad of nutrientprofiling systems exist in the marketplace, and some of these systems are being used on food labels and as grocery store shelf tags, but few systems have been evaluated to ascertain the effect these systems may have on improving food choices and potential health effects. Thus, the determination of whether the application of the nutrient profiling tool is associated with measurable outcomes such as diet quality, nutrient intake, and risk factors is important if the ultimate goal is to improve health in America.
The results of this study suggested that choosing foods consistent with the AHA HCP was associated with better dietary choices and nutrition and reduced risk of cardiometabolic disease. Several other nutrient-profiling systems have also been assessed for their effect on diet quality (25, 26) , and one system has been associated with reduced risk of chronic disease including cardiovascular disease (27) .
In individuals who reported the consumption of higher compared with lower proportions of energy intake from AHA-HCPcertifiable foods, our results showed that there was a strong 1 All values are means 6 SEs. Source: NHANES 2007-2010. n = 11,296 (5622 men and 5674 women); n = 2839 nonconsumers (1511 men and 1328 women); n = 8457 AHA-certifiable food consumers (4111 men and 4346 women); Q1: n = 1959 (947 men and 1008 women); Q2: n = 2064 (1027 men and 1059 women); Q3: n = 2134 (1023 men and 1111 women); Q4: n = 2300 (1115 men and 1168 women). One kilocalorie = 4182 J; 1 oz = 28.4 g; 1 cup = 240 mL. ANOVA was conducted with the following covariates: age, ethnicity, current smoker status, poverty income ratio, physical activity level, alcohol intake, and energy intake. AHA, American Heart Association; eq, equivalent; Q, quartile.
2 Solid fats, alcohol, and added sugars. All 53.6 6 0.9 50.5 6 0.9 53.9 6 0.7 57.9 6 0.8 63. 8 relation with an overall increase in diet quality and intakes of fruit, vegetables, and whole grains, which are traditionally underconsumed, and higher beneficial nutrient intakes including calcium, vitamin D, potassium, and fiber (1, 2). The consumption of the latter nutrients has been low enough to be identified as a public health concern by the 2010 Dietary Guidelines for Americans (1) . In addition, a higher intake of AHA-HCP-certifiable foods was associated with lower intakes of saturated fat, cholesterol, and sodium. The 2010 Dietary Guidelines Advisory Committee noted the important association between fats and health stating "the relationship between dietary saturated fat, trans fat and cholesterol and deleterious health outcomes at the population level has long been recognized" (28) , and research continues to show that a higher overall diet quality is significantly and positively linked to lower cardiovascular disease (29, 30) . A higher consumption of AHA-HCP-certifiable foods was associated with higher total sugars but lower added sugars. This result was most likely attributable to higher intakes of both fruit and dairy products, which have naturally occurring sugars but, by definition, have no added sugars in their native forms. This dichotomy supports the continued emphasis of focusing on added sugars rather than just total sugars, even though added sugars are difficult to quantify. A higher intake of AHA-HCP-certifiable foods was also positively associated with a more favorable profile of several factors related to cardiometabolic risk including lower BMI, waist circumference, diastolic blood pressure, and, in men, total and LDLcholesterol concentrations. The link between excess body weight and elevated LDL cholesterol and blood pressure and adverse cardiovascular events has also been well established. It has been estimated that overweight men and women have a 21% and 20%, respectively, increased age-adjusted RR factor for cardiovascular disease, respectively and obese men and women have a 46% and 64%, respectively, increased risk (31) . Data have shown that, although a relatively high proportion of individuals are taking a cholesterol-lowering medication, dietary modification can have an additive effect (32, 35) . Therefore, the provision of consumers with the appropriate guidance about meaningful food choices at the point of purchase can be an important tool to improve their diets and cardiovascular risk profiles.
Strengths of our study included the use of a current, large, national representative data set and statistical techniques to adjust for potential confounding. However, the current study was not without limitations. We assessed only one FOP labeling system, the 2014 AHA HCP, and there are some types of foods that are not included in this program. The NHANES data set used was a cross-sectional observational epidemiologic study, and thus, no cause and effect could be inferred, and its 2007-2010 data, although among the newest available, may not be representative of what is currently available in the marketplace. For example, recent efforts to reduce sodium and added sugars in foods and beverages by food manufacturers may have not yet been captured in USDA Food and Nutrient Database for Dietary Studies. Our data were also limited to that provided by the USDA regarding food groups and our ability to match foods introduced into the market more recently to those already in the database, and as such, the total dairy intake included all dairy products and not just low-fat or fat-free products as presented in most recommendations. In addition, a 1-d intake, although able to capture a snapshot of consumption and can be used as an estimate of population means, may not relate to physiologic measures because these are more likely affected by intakes over time. However, a measurement error in intake assessment would most likely have biased our results toward the null, and finding significant associations suggested a meaningful linkage of intake measures and physiologic measures. Finally, although we attempted to remove potential confounding by using various covariates, we could not rule out that possible residual confounding still existed that might have explained some of the results reported.
In conclusion, the consumption of foods that meet a nutrientbased criteria FOP program is associated with higher diet quality and intakes of food groups and nutrients consistent with current recommendations and with lower odds of having cardiometabolic risk factors, all of which may contribute to improved cardiovascular health. In light of the findings cited in this article and known disparities in diet quality in population subgroups [eg, on the basis of age, ethnicity, and income level (3)], additional research in this area is needed. Stronger conclusions, particularly with regard to cause and effect, would require randomized clinical trials. 
